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AflITRACT 


Thia  raport  deacribaa  and  praaanta  tha  raajlta  of  acoaatic  teata  with  tha 
partially  complatad  ARTEMIS  aoarca  array  at  Umltad  powar  lavala.  Tha 
purpoaaa  of  theae  taata  ware  to  obtain  impadanca  charactariatica,  ro* 
aponaa  data  and  tranaducar  dlaplacament  aa  a function  of  power,  fra* 
quancy  and  operating  depth.  Reaulta  indicate  large  variationa  in  dia- 
placamenta  over  tha  face  of  the  tranaducar.  raarlting  in  peak  valuaa  in 
exceaa  of  thoaa  predicted  on  the  baaia  of  radiated  power.  A tentative 
^maximum  efficiency  in  excaaii  of  fifty  percent  waa  obtained  aubjact  to’ 
an  aaaumad  directivity  pattern  and  hydrophone  aanaitivity  Spurioua 
mqchanical  raaonancea  ware  obaarvad  aa  evidenced  by  the  impedance 
diagrema.  ,,, 
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PROBLEM  STATUS 


Thia  ia  an  interim  report  on  one  phase  of  the  project, 
continuing. 


Work  ia 


INTRODUCTION 


An  iirray  compeaad  of  144  oUctromagnatie  tranaduear  alamanta  was 
inatallad  on  the  USNS  MISSION  CAPISTRANO  <T«AO  162)  for  axpurlmanta- 
tlon  and  datarmlnatlon  of  thalr  operating  charactarlatlca,  The  tr.inaducar 
alamant  la  a typa  TR*11C  manufacturad  to  U.  S.  Naval  ReaaarcH  Labora* 
tory  apaclflcatiun  by  Maaaa  Oivialon,  Cohu  Blactronica,  Ineerporatad. 
Each  alamant  ii  ll>)/8  inchea  aquara  on  tha  radiating  facaa  and  ll«3/4 
incnea  deep,  Thay  are  aaaembted  in  modulea  of  72  tranadur.ara.  aix 
alamanta  wide  by  twelve  alamanta  high.  Two  aueh  modulaa  wara  Inatallad 
on  tha  array  atructura  on  tha  USNS  MISSION  CAPISTRANO.  Tha  inatalla* 
tion  ia  ahown  in  figur;<  1, 

Tha  72  tranaduear  alamenta  in  aach  modula  are  grouped  in  twelve  row# 
of  aix  alamanta  each.  Tha  <tix  alamanta  in  aach  row  are  eonnaetod  to- 
gether in  aeriaa  alaetrleally  with  tha  twelve  rowa  corinc'.led  in  parallel. 
The  two  moduira  are  than  connected  in  parallel  in  nn  oli«f>i.«d  junction 
box.  Thua  the  array  eonaiata  uf  24  parallel  groupa  yt  ix  alamenta  in 
aeriaa.  The  dc  polariaing  power  aa  well  aa  the  ae  power  ia  aupplied  to 
thia  group. 

Acouatlc  preaaura  ralaaaa  ia  applied  to  the  rear  aide  (oppoaite  of  aide 
ahown  Ir.  figure  1)  of  tha  modulea.  Thia  conaiatu  of  a .^quaah  tuba  reao* 
nant  reflector.  Tha  tubaa  are  aix  feat  long  and  extanci  horiaontally 
aeroaa  the  bach  of  each  row  of  aix  tranaducara.  Tha  flattanad  tuba  ia 
approximately  aix  Inehaa  wide,  thua  covering  about  one -half  tha  rear 
radiating  aurface  of  tha  tranaducara.  Tha  tubaa  are  separated  approxi* 
mately  ona-half  inch  from  tha  rear  face  of  the  array,  in  order  to  pre- 
vent the  tubes  from  flattening,  that  is.  prevent  the  walla  from  touching 
due  to  the  ambient  pressura.  the  tubea  are  filled  with  nitrogen  gas  from 
a regulated  system.  The  rogulatod  pressura  is  adjustable  in  the  range 
from  plus  20  pounds  to  plus  60  pounds  ralatlva  to  ambient.  Tha  maximum 
operating  pressure  of  plus  60  pounds  relative  to  ambient  also  occurs  on 
raising  tha  array  to  the  surface,  since  the  pressura  relief  valve  ia  aet 
for  60  pounds, 

EXPERIMENTAL  PROCEDURE 

Experimental  work  with  these  two  mndules  in  an  array  was  conducted 
during  the  period  of  May  and  June  tV61.  Two  oparating  areas  were  used, 
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On#  wnt  in  th«  ChciapcAK*  Bay  naar  Cap«  Cbtrl««,  Virjlnla,  In  * water 
depth  of  90  feet.  The  maximum  poaaible  operating  depth  to  the  center 
of  the  two  module < waa  approximately  40  foot.  The  eeeond  operating 
area  wae  In  the  Atlantic  0«ean  northeast  of  the  Bahamae  at  approxi- 
mately 28*  N.  74*  W, 

Power  to  the  array  was  aupplled  by  a 60  kilowatt  dioetl-drlven  dc 
generator  for  polarisation  and  by  either  of  two  amplifiere.  A 200  watt 
Mclntoeh  wae  uted  for  lower  current  obeervationa  (!•  ^ amperea  and 
leaa)  and  a 1300  kilowatt  Ling  amplifier  for  high  vatuea  of  current. 

Wave  form  of  the  ac  aignal  war  atnuaoidal  in  all  Inatancea.  The  prea- 
aure  releaac  ayatem  waa  operated  at  approximately  30  pound!  above 
ambient. 

Inatrumentation  waa  provided  to  measure  dc  polarisation  current,  sc 
current,  voltage,  power  and  frequency  with  an  oscilloscope  to  monitor 
wave  form.  Two  hydrophones  were  mounted  near  the  array  to  monitor 
the  acouatie  output.  One  was  mounted  on  a boom  which  placed  the 
hydrophone  28  feet  on  the  center  line  in  front  of  the  array.  The  aecond 
hydrophone  was  also  on  the  center  line  but  17  feet  in  back  of  the  array. 
This  hydrophone  was  at  the  furthest  point  on  the  array  structure  back 
of  the  two  modules. 

Two  aeeeleremetera  were  also  employed  to  obtain  data  on  the  amplitude 
of  movement  of  the  transducer  radiating  face.  Those  accelerometers 
were  screwed  into  the  taped  hole  normally  used  for  the  lifting  eye. 

Since  this  hole  is  on  the  rear  face  of  tne  array,  as  the  elements  are 
normally  in  stalled,  provisions  were  made  to  reverse  two  transducer 
elements,  thus  putting  the  taped  hole  on  the  front  radiating  face.  The 
transducers  thus  leversed  were  the  first  one  from  the  left,  second 
row  from  the  lop  of  'he  left  hand  module  as  seen  froir  the  front  of  the 
array,  and  the  sixth  one  from  the  left,  seventh  row  from  the  top  of  the 
left  hand  module..  These  accelerometer-t  have  been  designated  Ag 
and  A|  respectively, 

All  instrumentation  was  calibrated  before  and  after  the  experiments 
with  the  exception  of  the  monitoring  hydrophonee.  Date  presented 
ht'rein  are  based  on  calibrations  obtained  in  shallow  water.  These 
units  are  being  recalibrated  in  deep  water  where  greater  precision 
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can  be  obtainod,  Data  involving  acouattc  power  output,  efficiency  and 
front'to'back  ratio  could  be  changed  in  magnitude  by  thia  calibration 
but  relative  levala  are  expected  to  bo  valid. 

The  aceelerometera  have  been  calibrated  both  in  air  and  in  water.  The 
latter  hat  involved  both  an  acouetic  and  non*acouetic  ambient.  The 
output  of  iheee  unite  waa  not  affected  by  theee  ambient  conditione. 

Prior  to  conducting  the  experimenta,  an  activity  cheek  waa  made  in  air 
on  each  element  in  the  array  of  144  elementa.  The  purpeae  of  thia  teat 
waa  to  determine  that  all  tranaducera  were  operating  and  not  defective 
and  that  all  unite  were  moving  in  phaae  indicating  proper  electrical 
connectiona. 

The  primary  purpose  of  the  experimenta  waa  to  obtain  the  conventional 
impedance  characteriatica  and  rcaponae  curvea.  In  addition,  data  were 
to  be  obtained  on  operating  efficiency,  the  influence  of  input  current 
and  frequency,  the  front -to.-back  ratio,  and  depth  affeeia.  Early  reauita 
indicated  the  neceaaity  of  meaaurtng  tranaducer  amplitude  to  detormina 
thia  value  with  reapect  to  input  current,  radiated  power  and  poaitlon  in 
the  array. 

Teata  where  all  inatrumentation  deacribed  above  waa  employed  were 
llr.Mted  to  a maximum  depth  of  360  feet,  Obaervatlona  were  made  at 
400  feet  depth.  However,  due  to  cable  length  limitationa,  theae  did 
net  include  the  aceelerometera. 


EXPERIMENTAL  RESULTS 

All  data  preeented  herein  are  the  total  characteriatica  of  the  144  element 
array  unleaa  elherwiae  noted.  Input  veluee  of  ac  or  dc  current  are 
always  to  the  entire  array.  If  it  ia  deaired  to  obtain  the  value  per  trana> 
ducer  element,  the  value  given  ahould  be  divided  by  24  which  ia  tha 
number  of  paiallel  paths.  The  polarising  current  uaad  throughout  waa 
240  amperea  or  ten  amperaa  por  element.  AC  current  was  varied  from 
a minimum  of  0.  5 amperes  in  air  to  a maximum  of  40  amperes  in  watar. 


The  results  of  impedance  measurement  with  the  array  In  air  as  prasentad 
in  figuras  2 and  3.  Tha  rasonant  frequency,  f^,  la  approxlmataly  4!i8.  5 
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cycUt  p«r  ■•cond  with  «n  tmpvdane*  £ • 200  4 J25  ehmi.  Thla  eempkrta 
with  the  average  value  at  the  data  for  a aingle  element  in  air  of  f ■ 450 
cpt  and  2 ■ 1000  4 J35  ohma.  The  mechanical  Q for  the  array  it  Q ■ 
41.7,  whereat  it  varied  from  2S  to  S9  for  the  tingle  elementt  in  air. 

Thete  curvet  were  repeated  In  water  at  a depth  to  the  center  of  the 
array  of  36  foot.  Vector  impedance  dlagramt  are  thown  In  fi<|urea  4 
and  5 for  ae  currenta  of  0,  5 ampere  and  1.  S amperea  reaprcUvely. 
Inaufflclent  nurtber  of  frequenciaa  were  uaed  lo  permit  drawing  the 
optimum  "circle"  through  theae  potuta.  However,  it  appeara  that  a 
number  of  reaonancea  exlat.  Thla  la  more  clearly  evidenced  in  the 
impedance  plot  at  1.  S amperea  in  figure  6.  The  beat  eatlmate  for  the 
Impedance  la  2 a 25  4 j20  ohma  with  reeonance  at  f^  ■ 420  cpa. 

Bacaute  of  the  proximity  of  the  tranaducer  elementt  to  the  aurfaco  and 
bottom,  evaluation  of  thete  tecondary  reaonancea  from  figure  6 may 
be  aomewhat  in  error.  Additional  data  were  obtained  of  the  array 
impedance  in  the  ocean  in  a water  depth  in  exceae  of  2400  fathoma  with 
the  depth  to  the  center  of  the  array  of  90  feet  and  400  feet.  The  reaulte 
at  IS  amperea  input  for  theae  depths  are  shown  on  tigurea  7 through  10. 

It  ia  evident  from  theae  data  that  numeroua  tecondary  reaonanc*a  occur 
between  340  cpa  and  440  cpa.  Without  a larger  number  of  da^a  points 
in  this  area  one  can  only  speculate  on  the  exact  shape  of  the  impedance 
characterlatica  of  figures  I and  10. 

A general  improvement  in  the  impedance  curve  was  noted  at  the  higher 
current  level,  This  ia  to  be  evidenced  in  the  vector  impedance  diagram 
of  figure  II  and  in  particular  in  the  impedane.  plot  of  figure  12.  It  is 
to  be  noted  here  that  two  prominent  areas  of  ee.ondary  reaonaneea  are 
present,  one  in  the  vicinity  of  370  cps  and  a aecond  at  430  cpt.  The 
resonant  frequency,  f , ia  at  approximately  405  cps  and  the  impedance 
2 ■ 36  4 j21  ohms,  ^ 

The  impedance  data  shown  in  figures  13  and  14  should  compare  with 
that  of  figures  11  and  12.  However,  it  wtll  be  noted  that  there  is  a 
shift  toward  a higher  frequency  and  the  secondary  resonance  at  the 
higher  frequency  ia  more  pronounced.  Thla  trend  may  be  due  to  damage 
to  a few  of  the  elements  in  the  array.  The  damage  which  was  aacer* 
tainod  on  completion  of  the  testa  was  in  the  form  of  broken  aprings. 

This  has  the  effect  of  raising  the  resonant  frequency  of  the  damaged 
element  and  thus  could  have  produced  the  effect  noted  here. 
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It  1«  of  intoreat  to  compart  thla  data  from  flgurta  11  and  12  obuintd 
at  30  amperta  and  400  foot  dtpth  with  Imptdanet  data  taktn  at  40  am- 
parta.  39  foot  depth.  The  aamt  general  location  of  aeeondary  reao* 
nancea  again  may  be  aeen  from  figuroa  IS  and  16.  It  will  be  ebaerved. 
hov/ever.  that  reaonanee  ia  at  approximately  410  epa  and  that  Z ■ 30 
4 J21  ohma. 

Data  from  the  two  accelerometer  a were  obtained  at  deptha  of  36  feet, 

90  feat  and  360  feet,  A summary  of  the  more  aigniflcant  data  ia  pre> 
aented  in  flgurea  17,  18  and  19.  Data  for  the  three  curvea  were  taken 
at  eonatant  current)  namely  1.  S,  15  and  30  amperea.  It  may  be  eb* 
aerved  from  theae  curvea  aa  well  aa  from  the  previoualy  diaeuaaed 
impedance  curvee  that  devtatlona  from  the  Ideallaed  occur  at  certain 
predominant  frequenctea.  flince  amplitude  should  relate  mere  exactly 
to  acouatle  powei.  all  data  obtained  at  90  feat  and  at  360  feet  depth 
were  plotted  agalnat  acoostte  output  power  in  kilowatts.  Theae  results 
are  shewn  on  figures  20  and  21  respectively,  fiach  point  of  data  has 
been  identified  aa  a plotted  point.  However,  an  attempt  has  been  made 
to  diatltiguish  between  frequenelea  by  using  several  symbols  with  each 
symbol  being  used  for  points  within  \ frequency  band.  In  figures  20a 
through  20r  and  21a  through  21r,  the  transducer  displacoments  are 
separated  for  each  frequency  at  which  measurements  wsre  made. 

The  dashid  curves  drawn  on  each  of  the  figures,  20  through  2lr, 
represent  the  displacement  to  be  expected  for  approximately  unity 
pC  leading  of  the  array  at  the  frequencies  noted  on  the  curves.  A 
Dsst’fit  curve  through  the  points  on  figures  20  and  21  indicates  that 
this  loading  has  not  been  achieved  and  that  a batter  approximation  of 
the  roaulta  la  obtained  with  0.4  pC  leading.  In  general,  the  points 
would  be  fairly  uniform  about  such  a curve  except  at  the  higher  acoustic 
power  levels  on  figure  21.  Here  it  will  be  noted  that  there  is  a sharp 
rise  in  the  transducer  amplitude. 

The  response  curves  for  the  array  at  several  values  of  current  are 
presented  In  figure  22.  Deviations  from  an  idealiard  smooth  curve 
are  to  be  noted  on  all  of  the  curves.  These  occur  at  approximately 
370  and  42a  cps  which  also  correspond  to  the  frequencies  of  secondary 
reaonances  previously  noted. 
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Curvaa  of  power  input,  output  ...  1 •‘fficioncy  for  the  array  art  praaantad 
in  figuraa  23  and  24.  Thai#  valuta  wort  obtained  with  30  amparot  nt 
400  faat  ano  360  faat  depth  raspactivaly.  Tha  maximum  afficioncy  la 
noted  to  be  aUghtly  over  SS  percent  and  occura  near  440  epa.  Deviation 
of  the  varloua  eurvea  from  a amooth  line  ia  again  evidenced  with  thaae 
data  and  it  can  aleo  be  aeen  to  occur  at  approximately  tho  aama  fre* 
quenelea  pravloualy  noted  (or  the  impedance  charactariatica  and 
tranaducer  dlaplacementii. 

The  ef(eetlveneaa  o(  the  aquaah  tube  preaaure  releaae  device  la 
preaantad  in  (igurea  23  and  26.  The  front*to*baek  diacrimiiiatlon  waa 
computed  from  the  hydrophone  maaauremanta  of  the  tranaducer  radia* 
tlon  for  input  curranta  of  S,  10.  15.  20.  25  and  30  amparea.  The 
average  of  the  valuta  obtained  at  each  frequency  at  400  foot  depth  are 
plotted  on  figure  25.  In  addition,  a vertical  line  which  corroaponda  to 
the  extant  of  the  maximum  and  minimum  valuta  obtained  at  each  fre- 
quency la  alto  ahown. 

Tha  eharaeteriatie  deviation  of  thia  curve  from  a tingle  reaonant 
eharaeterlatie  la  aleo  noted  aa  with  previoua  eharaeteriatie  a. 

Raaonanoea  in  the  reaponae  curve  eorreapond  to  frequeneiea  of  approxi- 
mately 350,  410  and  440  epa.  Similar  charactariatica  are  to  be  noted 
in  the  frent-to-back  diacrlminatlen  data  on  figure  26.  Theie  data  are 
for  30  amperea  and  40  amperea  at  360  foot  depth. 

dfith  two  exceptiona,  the  apread  in  frent-te-baek  diacrimlnatlon  with 
current  at  any  one  frequency  ahow  on  figure  25  ia.amall.  indicating 
that  within  the  range  teatad  the  reaponae  of  the  aquaah  tuba  ia  inde- 
pendent of  tranaducer  currant,  output  power  or  diaplacement  of  the 
tranaducer  radiating  face.  Thia  la  beet  illuatrated  by  figure  27  vhere 
frent-to-back  diacrimination  ia  plotted  aa  a function  of  current  for 
reveral frequeneiea. 

During  the  period  of  theae  experimanta,  teata  on  tha  tranaducer  elementa 
indicated  that  failure  of  aevoral  elementa  had  occurred.  Theae  fallurea 
were  apparently  the  reault  of  exceaaive  deflection  of  tho  apringa  which 
ware  broken.  The  tirat  group  of  damaged  elementa  occurred  at  39  foot 
depth  when  opnrationa  were  conducted  with  current  of  40  amperea  with 
a few  obaervationa  at  higher  valuea.  Sixty-four  alenienta  failed  in  the 
pattern  ahown  in  figure  28. 
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It  wtt  ••  a rttuU  of  th«3«  failurca  that  accalaromatara  war«  a>*oloy«d 
to  obtain  Information  on  tha  dlaplacaniont  amplitudo  of  tho  t¥  ' ' g face. 

During  tha  couraa  of  tha  taota  with  t>  ■ accalaromatara  in  pta.  largo 
variationa  in  diaplaeamonta  ware  obtained,  with  tho  majority  in  oxcoaa 
of  predicted  valuea.  The  array  waa  operated  on  two  occaalona  at  a 
current  of  40  ampereoi  the  firat  at  400  foot  dapth  without  aeeoleromoter 
data  and  tho  aocond  at  360  foot  with  accoloromotor  data.  A peak  •to* 
peak  dlaplacomant  of  b,  71  mila  waa  obaorved  for  one  of  tho  tranadueera 
prior  to  one  of  ita  apringa  breaking. 

Toata  on  tho  individual  tranadiieor  olomanta  after  tho  above  toata 
revealed  21  tranadueera  had  failed  dun  to  broken  apringa.  In  addition 
to  thaaa,  four  aquaah  tuboa  had  alao  failed.  The  latter  failed  with  a 
fracture  on  tho  edge  of  tho  aharp  radlua  of  band.  Tho  pattern  of  thaao 
failuroa  la  ahown  in  figure  29. 

With  tho  tranaducor  Impodaneo  and  current  raaponao  data  obtained  in 
theao  toata,  an  overall  ayatom  reaponae  for  eonatant  voltage  inp- 1 to 
tho  amplifier  can  be  computed,  Thia  computation  haa  been  made  for 
the  conc'itiona  of  the  amplifier  matched  to  a 34  ohm  realatlvo  load  and 
with  a aoriea  tuning  capacitor  of  impedance  -J22  ohma,  Theao  valuea 
correapond  to  a complex  conjugate  impedance  match  to  the  tranaducor 
at  400  epa,  Tha  reaulta  of  thia  computation  are  plotted  in  figure  30, 

A aimllar  aet  of  data  with  the  amplifier  matched  to  23  4 J22  ohma  ia 
plotted  in  figure  31.  Beth  curvea  have  been  hormallaed  to  a aero  decibel 
intehaity  on  the  acouatic  axia  at  400  epa.  thoae  eharaeteriatiea  indicate 
the  reaponae  of  the  ayatem  to  a noiao  aignal  Input  and  ran  be  uaed  to 
determine  the  cempenaation  required  to  produce  eonatant  amplitude 
frequency  apectrum  over  the  de aired  frequency  range. 
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Memorandum 

7100-016 

DATE:  22  January  2004 

REPLY  TO 

ATTN  OF:  Burton  G.  Hurdle  (Code  7103) 

SUBJECT:  REVIEW  OF  REF  (A)  FOR  DECLASSIFICATION 

TO:  Code  1221.1 

REF:  (a)  “Project  ARTEMIS  High  Power  Acoustic  Source”,  A.T.  McClinton,  R.H. 

Ferris,  W.A.  Herrington,  Sound  Div.,  NRL  Memo  Report  1205,  3 Aug  1961  (U) 

(b)  “Project  ARTEMIS  High  Power  Acoustic  Source  Second  Interim  Report  on 
Acoustic  Performance”,  A.T.  McClinton  and  R.H.  Ferris,  Sound  Division,  NRL 
Memo  Report  1214,  19  September  1961  (U) 

(c)  “Project  ARTEMIS  High  Power  Acoustic  Source  Third  Interim  Report  on 
Acoustic  Performance”,  A.T.  McClinton,  R.H.  Ferris,  Sound  Division,  NRL 
Memo  Report  1273, 23  April  1962  (U) 

(d)  “Project  ARETMIS  High  Power  Acoustic  Source  Effect  of  Transducer 
Element  Electrical  Connection  on  Interaction  in  a Consolidated  Array”,  A.T. 
McClinton,  Sound  Division,  NRL  Memo  Report  1323,  4 June  1962  (U) 

(e)  “Test  of  Project  ARTEMIS  Source”,  R.H.  Ferris,  Sound  Division,  NRL 
Memo  Report  1648, 15  September  1965  (U) 

(f)  “Power  Limitations  and  Fidelity  of  Acoustic  Sources”,  R.H.  Ferris  and  F.L. 
Hunsicker,  Sound  Division,  NRL  Memo  Report  1730,  November  1966  (U) 

(g)  “Project  ARTEMIS  Acoustic  Source  Acoustic  Test  Procedure”,  R.H.  Ferris 
and  C.R.  Rollins,  Sound  Division,  NRL  Memo  Report  1769,  5 June  1967  (U) 

(h)  “Calibration  of  the  ARTEIS  Source  and  Receiving  Array  on  the  Mission 
Capistrano”,  M.  Flato,  Acoustics  Div.,  NRL  Memo  Report  2712,  Dec  1973  (U) 

(i)  “Theoretical  Interaction  Computations  for  Transducer  Arrays,  Including  the 
Effects  of  Several  Different  Types  of  Electrical  Terminal  Connections”, 

R.V.  Baier,  Sound  Division,  NRL  Report  6314,  7 October  1965  (U) 

(j)  “Project  ARTEMIS  Acoustic  Source  Summary  Report”,  NRL  Report  6535, 
September  1967  (U) 

1.  References  (a)  thru  (j)  are  a series  of  reports  on  Project  ARTEMIS  Reports  by  the  Sound 
Division  that  have  previously  been  declassified. 

2.  The  technology  and  equipment  of  reference  (a)  have  long  been  superseded.  The  current 
value  of  these  papers  is  historical 


3.  Based  on  the  above,  it  is  recommended  that  reference  (a)  be  available  with  no  restrictions. 


BURTON  G.  HURDLE 
NRL  Code  7103 


CONCUR: 

/t.  f 

E.R.  Franchi  Date 

Superintendent,  Acoustics  Division 


CONCUR: 

Tina  Smallwood 
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